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[FIG. 11]
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DIRECTIONAL MONOPOLE ARRAY
ANTENNA USING HYBRID TYPE GROUND
PLANE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims prionity to and the benefit of
Korean Patent Application No. 10-201°7-0087772 filed 1n the
Korean Intellectual Property Office on Jul. 11, 2017, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present mvention relates to a directional monopole
array antenna using a hybrid type ground plane, and more
particularly, to a directional monopole array antenna using a
hybrid type ground plane, which uses a ground plane
designed with a PMC (perfect magnetic conductor) and a
PEC (pertect electric conductor) to increase a beam width of
an active element pattern, to maintain a reflection coeth-
cient, and to have directionality.

(b) Description of the Related Art

A microstrip patch array antenna, which 1s one of planar
antennas, 1s manufactured by using a printed board, and thus
it 1s suitable for mass production, has a simple manufactur-
ing process, has a low height, and 1s flat and robust.
Theretfore, although it 1s widely used as an array antenna
device requiring a large number of small antennas, there 1s
a disadvantage 1n that the gain 1s insuflicient.

When the microstrip patch array antenna 1s designed by
using an array structure to perform beam steering, a steering
angle at a 3 dB bandwidth 1s limited to a maximum of 50°.
Accordingly, various structures have been proposed to
expand the steering angle. Therefore, a beam width of an
active element pattern (AEP) 1s increased by reducing
mutual coupling or using a meta-structured antenna, but a
complexity of the design i1s increased.

A 535G mobile communication antenna and military radar
require an array antenna capable of steering the beam width.
However, a conventional array antenna has a disadvantage
in that when the antenna 1s steered at 50° or more, the gain
of the antenna 1s remarkably reduced, so that a high output
1s required and the power consumption 1s also increased

The technique of the present imvention 1s disclosed in
Korean Patent Laid-Open Publication No. 10-2008-0038061

(published on May 2, 2008).

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background of the ivention and therefore 1t may contain
information that does not form the prior art that 1s already
known 1n this country to a person of ordinary skill 1n the art.

SUMMARY OF THE

INVENTION

The present invention has been made in an effort to
provide a directional monopole array antenna using a hybrid
type ground plane, which uses a ground plane designed with
a PMC and a PEC to increase a beam width of an active
clement pattern, to maintain a retlection coeflicient, and to
have directionality.
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2

An exemplary embodiment of the present invention pro-
vides a directional monopole array antenna using a hybnd

type ground plane in which a plurality of monopole antennas
are connected 1 a form of an array, wherein each of the
monopole antennas includes: a ground plane designed to be
divided into a PMC and a PEC such that a surface current
induced 1n the PEC flows in a direction; and an antenna
device vertically disposed 1n the ground plane.

In this case, the ground plane may be designed to have a
s1ize that 1s equal to or smaller than one wavelength of an
antenna signal.

The PMC may be designed in a half area of the ground
plane, and a dielectric pattern capable of phase adjustment
may be inserted at predetermined intervals to serve as a
reflector.

The PMC may be designed to have at least one of a
corrugated soft surface structure, a mushroom structure, a
hilbert curve structure, and a peano curve structure.

The monopoles may be formed to have a folded or spiral
structure.

The PMC may serve to block a leakage current.

The monopole antennas may have a reflection coeflicient
of 20% or more at a bandwidth of -10 dB and a steering
angle of more than 70° at a 3 dB bandwidth.

As such, according to the exemplary embodiment of the
present invention, i1t 1s possible to design the directional
monopole antenna using the hybrid type ground plane by
dividing the ground plane of the monopole antenna having
a simple structure into PMC and PEC areas such that the
beam width of the active element pattern can be increased,
the reflection coetflicient can be maintained, and the direction
of the surface current induced 1n the ground plane can be
controlled, to thereby obtain the directionality.

In addition, according to the exemplary embodiment of
the present invention, the gain of the antenna can be
increased by designing a monopole antenna capable of
steering the optical beam-width with a steering angle of 70°
or more in the 3 dB bandwidth at an RF front end thereof.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 illustrates a radiation pattern when an antenna 1s
designed by using a PEC ground plane.

FIG. 2 illustrates the radiation pattern when a half of the
ground plane of FIG. 1 1s removed.

FIG. 3 illustrates a radiation pattern when an antenna 1s
designed by using a hybnd type ground plane according to
an exemplary embodiment of the present invention.

FIG. 4 1s a graph 1illustrating simulation results of each
input impedance of FIG. 1 to FIG. 3.

FIG. 5 1llustrates a directional monopole antenna using a
hybrid type ground plane according to an exemplary
embodiment of the present invention.

FIG. 6 illustrates a distribution of a surface current
flowing 1n a ground plane when a size of the ground plane
1s equal to or greater than 1A of an antenna signal according
to an exemplary embodiment of the present invention.

FIG. 7 illustrates a distribution of a surface current
flowing in a ground plane when a size of the ground plane
1s equal to or greater than 2A of an antenna signal according
to an exemplary embodiment of the present invention.

FIG. 8 illustrates a distribution of a surface current
flowing in a ground plane when a size of the ground plane
1s equal to or greater than 3A of an antenna signal according
to an exemplary embodiment of the present invention.

FIG. 9 1s a graph 1llustrating comparisons between simu-
lations of a monopole antenna depending on whether a
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hybrid type ground plane 1s applied and measured reflection
coellicients according to an exemplary embodiment of the

present mvention.

FIG. 10 1s a graph illustrating comparisons between
simulations of a monopole antenna depending on whether a
hybrid type ground plane 1s applied and measured long-
distance radiation patterns (n-t plane) according to an exem-
plary embodiment of the present invention.

FIG. 11 1s a graph illustrating comparisons between
simulations of a monopole antenna depending on whether a
hybrid type ground plane 1s applied and measured long-
distance radiation patterns (n-1 plane) according to an exem-
plary embodiment of the present invention.

FIG. 12 1s a graph illustrating a comparison between
active element patterns of a patch array antenna and a
monopole array antenna according to an exemplary embodi-
ment of the present invention.

FIG. 13 1s a graph illustrating a normalized gain com-
parison between a patch array antenna and a monopole array
antenna according to an exemplary embodiment of the
present mvention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Exemplary embodiments of the present invention will be
described 1n detall with reference to the accompanying
drawings. The thicknesses of lines and the sizes of the
components 1llustrated in the drawings may be exaggerated
for the clarity and convenience of description.

Further, the terminologies described below are terminolo-
gies determined 1n consideration of the functions in the
present invention and may be construed in different ways by
the intention of users and operators or the custom. Therelore,
the definitions of the terminologies should be construed on
the basis of the contents throughout this specification.

FIG. 1 illustrates a radiation pattern when an antenna 1s
designed by using a PEC ground plane, FIG. 2 1llustrates the
radiation pattern when a half of the ground plane of FIG. 1
1s removed, and FIG. 3 illustrates a radiation pattern when
an antenna 1s designed by using a hybrid type ground plane
according to an exemplary embodiment of the present
invention.

First, as shown 1n FIG. 1, when being designed by using
the PEC ground plane, the monopole antenna has a fixed
reflection coellicient phase according to the characteristics
of the PEC and has an omni-directional radiation pattern.

In addition, when the half of the ground plane of FIG. 1
1s removed, an asymmetric horizontal current tflows through
the monopole antenna, and thus the omni-directional radia-
tion pattern as shown in FIG. 1 may not be maintained.

Finally, as shown 1n FIG. 3, when the monopole antenna
1s designed by using the hybrid type ground plane according
to the present exemplary embodiment, an asymmetric hori-
zontal current flows 1n the ground plane as shown 1n FIG. 2.
In this case, since the PMC acts as a reflector, a directional
radiation pattern in a zenith direction 1s generated.

FIG. 4 1s a graph illustrating simulation results of each
input impedance of FIG. 1 to FIG. 3.

An 1nput impedance of the monopole antenna 1s a ratio of
a tlowing current to an applied voltage, and thus an 1mput
impedance graph (PMC-PEC monopole) of the monopole
antenna 1n which the ground 1s designed by using the PMC
and the PEC 1s almost the same as FIG. 1 and FIG. 2. This
1s seen from FIG. 4.

Hereinafter, a directional monopole array antenna using a
hybrid type ground plane according to an exemplary
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4

embodiment of the present invention will be described with
reference to FIG. 5 to FIG. 8.

FIG. 5 1llustrates a directional monopole antenna using a
hybrid type ground plane according to an exemplary
embodiment of the present invention.

As shown 1n FIG. §, the directional monopole antenna
100 using the hybnid type ground plane according to the
present exemplary embodiment includes a ground plane 110
and an antenna device 120.

First, the ground plane 110 1s separately designed by using,
the PMC and the PEC, and thus a surface current induced 1n
the PEC flows 1n a direction as shown in FIG. 3.

Specifically, as shown 1n FIG. §, the PMC 1s designed in
a half area of the ground plane 110, and a dielectric pattern
capable of phase adjustment i1s inserted at predetermined
intervals to serve as a reflector to execute a function to shut
ofl a leakage current.

Accordingly, when the dielectric material pattern 1s
inserted into a corrugated soft surface structure as shown 1n
FIG. 5, a depth of the dielectric material pattern has a 4
wavelength, and thus the ground plane 110 operates as a
high impedance surface, 1.¢., the PMC on a vertical-direction
surface, and has a surface impedance of 0 on a horizontal-
direction surface like the PEC.

The PMC may be designed to have at least one of a
corrugated soit surface structure, a mushroom structure, a
hilbert curve structure, and a peano curve structure. In
addition, the PMC may be designed to have various struc-
tures.

The antenna device 120 1s constituted by a conductor, and
1s vertically disposed in the ground plane 110 to perform
functions of the monopole antenna 100.

According to the present exemplary embodiment, the
monopole antenna 100 may be formed to have a folded or
spiral structure.

FIG. 6 1illustrates a distribution of a surface current
flowing in a ground plane when a size of the ground plane
1s equal to or greater than 1A of an antenna signal according
to an exemplary embodiment of the present invention, FIG.
7 1llustrates a distribution of a surface current tlowing 1n a
ground plane when a size of the ground plane 1s equal to or
greater than 2A of an antenna signal according to an exem-
plary embodiment of the present invention, and FIG. 8
illustrates a distribution of a surface current tlowing 1n a
ground plane when a size of the ground plane 1s equal to or
greater than 3A of an antenna signal according to an exem-
plary embodiment of the present invention.

When a size (area) of the entire ground plane 110 1s
smaller than the wavelength (1A) of an antenna signal, a
surface current as 1llustrated in FIG. 6 1s generated. That 1s,
the surface current in a same direction as an interface
between the PMC and the PEC i1s canceled out, and the
horizontal current in the vertical direction remains. There-
fore, the directional radiation pattern in the zenith direction
may be obtained by using the PMC and PEC ground plane
110 having a size smaller than the wavelength.

As 1llustrated 1n FIG. 7 and FIG. 8, when the size of the
ground plane 110 increases by an integer multiple of the
wavelength, a number of main lobes generated 1s also an
integer multiple. Accordingly, when the size of the ground
plane 110 1s equal to or smaller than 2. of the antenna signal,
a direction of the current 1s the same as that 1n FIG. 7, so that
the directional radiation pattern in the zenith direction may
not be obtained. When the size of the ground plane 110 1s
equal to or smaller than 3A of the antenna signal, the
direction of the current 1s the same as that in FIG. 8, so that
the ommni-directional radiation pattern may be obtained,
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thereby deteriorating the directionality of the antenna.
Accordingly, the ground plane 110 may be designed to have
a size that 1s equal to or smaller than one wavelength of the
antenna signal.

Hereinafter, a performance of the directional monopole
array antenna using the hybrid type ground plane according
to an exemplary embodiment of the present invention will be
described with reference to FIG. 9 to FIG. 13.

FIG. 9 1s a graph illustrating comparisons between simu-
lations of a monopole antenna depending on whether a
hybrid type ground plane 1s applied and measured retlection
coellicients according to an exemplary embodiment of the
present invention.

As described above, since the input impedances of the
monopole antenna to which the hybrid type ground plane
110 1s not applied and the monopole antenna to which the
hybrid type ground plane 110 1s applied are almost the same,
it 1s seen that reflection coeflicients are measured to be the
same.

As a result, the monopole antenna 100 according to the
exemplary embodiment of the present invention has a broad
band compared to a patch array antenna having a conven-
tional directional radiation pattern since 1t has a retlection
coellicient of 20% or more at a bandwidth of —10 dB and a
steering angle of more than 70° at a 3 dB bandwidth.

FIG. 10 1s a graph illustrating comparisons between
simulations of a monopole antenna depending on whether a
hybrid type ground plane 1s applied and measured long-
distance radiation patterns (n-t plane) according to an exem-
plary embodiment of the present invention, and FIG. 11 1s a
graph 1illustrating comparisons between simulations of a
monopole antenna depending on whether a hybrid type
ground plane 1s applied and measured long-distance radia-
tion patterns (n-1 plane) according to an exemplary embodi-
ment of the present invention.

As 1llustrated 1n FIG. 10 and FIG. 11, the directional
monopole array antenna 100 using the hybrid type ground
plane according to the exemplary embodiment of the present
invention 1s able to obtain a peak gain of 4.5 dB and a beam
width of 3 dB of 150°.

In addition, the beam width of the active element pattern
can be expanded by connecting a plurality of monopole
antennas 100 1n a form of an array in consideration of mutual
coupling between the antennas so as to enable light beam
steering.

FIG. 12 1s a graph illustrating a comparison between
active element patterns of a patch array antenna and a
monopole array antenna according to an exemplary embodi-
ment of the present invention.

Specifically, FIG. 12 shows that the active device pattern
of the fourth monopole antenna 100 1s calculated through a
simulation by connecting the eight monopole antennas 100
in the array form at 5 GHz, and 1t 1s seen that the normalized
gain 1s gently reduced by 3 dB.

FIG. 13 1s a graph illustrating a normalized gain com-
parison between a patch array antenna and a monopole array
antenna according to an exemplary embodiment of the
present invention.

As 1llustrated 1 FIG. 13, the patch array antenna (Patch
array ) can be beam-steered at 50° at a 3 dB bandwidth, while
the monopole array antenna (Proposed antenna array)
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according to the exemplary embodiment of the present
invention can be beam-steered at 70° or more by having a
wide active element pattern.

As described above, according to the exemplary embodi-
ment of the present 1nvention, 1t 1s possible to design the
directional monopole antenna using the hybrid type ground
plane by dividing the ground plane of the monopole antenna
having a simple structure into PMC and PEC areas such that
the beam width of the active element pattern can be
increased, the reflection coeflicient can be maintained, and
the direction of the surface current induced in the ground
plane can be controlled, to thereby obtain the directionality.

In addition, according to the exemplary embodiment of
the present invention, the gain of the antenna can be
increased by designing a monopole antenna capable of
steering the optical beam-width with a steering angle of 70°
or more 1n the 3 dB bandwidth at an RF front end thereof.

While this invention has been described in connection
with what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary,
1s 1ntended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the
appended claims.

<Description of Symbols>

100: monopole antenna
120: antenna device

110: ground plane

What 1s claimed 1s:

1. A directional monopole array antenna, comprising;:

a plurality of monopole antennas connected 1n a form of
an array, each of the plurality of monopole antennas
comprising:

a ground plane formed with a PMC (perfect magnetic
conductor) surface and a PEC (perfect electric con-
ductor) surface, wherein a half area of the ground
plane 1s the PMC surface and the other half area of
the ground plane 1s the PEC surface, such that a
surtace current inducted 1 the PEC surface flows in
a direction; and

an antenna device vertically disposed in the ground
plane between the PMC surface and the PEC surtace.

2. The directional monopole array antenna of claim 1,
wherein the ground plane has a size that 1s equal to or
smaller than one wavelength of an antenna signal.

3. The directional monopole array antenna of claim 1,
wherein a dielectric pattern 1s formed on the PMC surface at
predetermined intervals to serve as a reflector.

4. The directional monopole array antenna of claim 3,
wherein the PMC surface has a corrugated soit surface
structure.

5. The directional monopole array antenna of claim 1,
wherein the PMC surface serves to block a leakage current.

6. The directional monopole array antenna of claim 1,
wherein the monopole antennas have a reflection coetlicient

of 20% or more at —10 dB and a steering angle of more than
70° at 3 dB.
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